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1.0 INTRODUCTION

1.1 Purpose of Study
The purpose of this study was to review, analyze

and develop Geotechnical Engineering recommendations
for the static slope stability of the proposed landfill

slopes and cover system.

1.2 Scope of Services

Static Slope Stability Analysis
1. Review available site plans and working

drawings to determine existing and proposed

conditions.

2. Review available soil borings to determine
the site geology.

3. Review available groundwater monitoring well
data to establish existing/proposed
groundwater conditions.

4. Conduct a 1literature review to establish
applicable geotechnical engineering
properties for the bulk landfill material.

5. Consult with your staff to integrate specific
product type in the analysis of the proposed
landfill cap.

6. Conduct a 1literature review of available
angles of friction at interfaces between
different cover liner components.

NOTE: The use of reported values in
published 1literature can only be
used with considerable caution. The
site specific conditions and the
proposed material must be used in
the tests so as to obtain realistic
values of the shear strength
parameters. This should be

performed before the construction.



10.

Conduct a global slope stability analysis on
selected critical cross-sections using a
computer program called "STABL" developed at
Purdue University. This program uses the
Modified/Simplified Bishop Method of slices,
the Simplified Janbu Method, and Spencer's
Method. Specific method used will be
determined during analysis.

Conduct a cap lining system stability
analysis using the classical two-part wedge
analysis including dynamic stresses due to
installation trafficing.

Evaluate the cap lining stability considering
exceptionally heavy rains with potential
seepage parallel to slope.

Prepare an Engineering Report summarizing our

work, findings and recommendations.



2.0 GEOMETRY DEVELOPMENT

2.1 Cover System
The cover system geometry used in the analysis was

based upon plans submitted to this office on March 30,
1994 by TRC. This cover system consists of the
following components in descending order of depth:

Upper West Slope (Area Above Access Road)

Root reinforcing mat on vegetative slope
6" vegetative layer (topsoil)

18" cover layer (Soil Type I)

Non-Woven geotextile

12" Drainage Layer (Sand Type D)

40 mil VLDPE textured geomembrane

6" bedding layer (Soil Type III)

12" gas vent layer (Sand Type G)

6" cap layer over waste (Soil Type II)

0O 0O 0O 0O OO O 0O O 0

Existing or relocated waste

Lower West Slope (Area Below Access Road

Stone revetment shore protection
Woven geotextile.

Bedding stone

Woven geotextile

12" drainage sand

40 mil VLDPE textured geomembrane

6" bedding layer (Soil Type D)

12" gas vent layer (Soil Type II)

6" cap layer over waste (Soil Type II)

0O 0O 0O OOO O O O O

Existing waste or bedrock



General (Global) Slope Stability
The global slope stability geometry was developed

by first reviewing the proposed grading plan, site
geology, bedrock contours and groundwater contours,
then applying engineering Jjudgement to select three
critical cross-sections taken through the landfill.

These cross-sections labeled A-A, B-B, and C-C
were constructed using the Proposed Grading Plans given
to this office on March 30, 1994, Bedrock Contour Map
dated 2/94 (Figure 3-9) and Groundwater Contour Map
dated 2/94 (Figure 3-13). (See Appendix B for Section
I.D. Plan and Sections.) .



3.0 MATERIALS PROPERTIES

The procedure used to determine the required material
properties was by the Correlation Method. This method, in
general, consists of specifying a certain type of material
to obtain a regquired general property. General material
types are correlated to properties.

Soil properties for proposed materials were correlated
using specified group symbols as indicated in specifications
and NAVFAC DM-7, March 1971 and NAVFAC DM-7 May 1982 table
and graph for typical soil index properties.

Landfill waste properties were taken from Geotechnical
Special Publication No. 31, "Stability and Performance of
Slopes and Embankments - II" by Raymond B. Seed and Ross W.
Boulanger, and from a 1976 University of Connecticut master
thesis by Geoffrey Guy Jillson entitled, "Measurement of the
Engineering Properties of Municipal Incinerator Residues and
Consideration of Leachate Characteristics".

The geotextile interface friction angle was obtained
from the publication "Designing With Geosynthetics", Second
Edition by Robert M. Koerner.

The references on textured VLDPE geomembrane frictional
properties were limited. Numerous data was available on
HDPE textured geomembrane than on textured VLDPE. The
interface friction angle of textured VLDPE was estimated
using the HDPE values as a guide with only one actual shear
test reference on textured VLDPE.

All analyses of the cover system and global slope
stability was based upon the above correlated material
properties. No direct laboratory material properties were

performed.



It is very important to note that it has been shown
through research that the interfacial friction between soils
and geotextiles and geomembrane has a wide range of values.
It is absolutely necessary to perform shear tests on the
proposed materials to be used in construction before

construction commences to verify design assumptions and make

any design modification, if required.



4.0 STATIC SLOPE STABILITY ANALYSIS

4.1 Cover System
A Static Slope Stability Analysis was performed on

the proposed cover section using the correlated
material properties. Two (2) different models were
used in the analysis - The Infinite Slope Theory and
the Sliding Block Method with the Infinite Slope Method
being the more conservative method as it does not
consider passive block failure.

Groundwater flowing parallel to slope was also
included in the analysis with a maximum groundwater
depth of +2", which was given by TRC from their
computer model with 4" used in analysis. The result of

the analysis is as follows:

' Factor of Safety of the Static Slope Stability (Cover

System)
Infinite Slope Sliding Block
Model Model
Dry Condition 1.34 1.47
With Groundwater 1.26 1.38

4.2 General (Global) Slope Stabilit

A Static (Global) Slope Stability Analysis was
performed on three (3) selected cross-sections (See
Appendix B) using a computer program called "STABL"
developed at Purdue University. The program was
developed to incorporate a 1limit equilibrium method
that uses the simplified Janbu Method, the simplified
Bishop Method or Spencer's Method. The Janbu Effective
Stress Method was used in the analysis, as this method



gave the 1lowest factor of safety. The Janbu Method
(1954, 1973) satisfies both force and moment
equilibrium and is applicable to failure surfaces of
any shape. .

An automatic searching routine was used in the
"STABL" program in which hundreds of potential failure
surfaces were evaluated by specifying surface
initiation, termination ranges and minimum allowable
surface conditions to find the lowest ten (10)
potential failure surfaces. This output was analyzed
to determine the critical failure surface. The results
of the static global slope stability are as follows:

Cross-Section Lowest Rotational Factor
I.D. of Safety
A-A 2.30
B-B 2.10
c-C 1.98

Existing Stability Charts
A review was made of available stability charts to

use as a check of the results of the "STABLE" computer
solution for Cross-Section C-C. Bishop/Morgenstern,
Spencer's, Cousins Charts were used for a rotational
type failure and the Huang Chart was used for
triangular type failure. The results of the charts are

as follows:

Static
Chart Name Factor of Static
Bishop/Morgenstern 1.95
Spencer's 1.90
Cousins 1.88
Huang 2.08



These values check very well with the computer

calculated 1.98 from "STABL".



5.0

SIOPE STABILITY "CONSTRUCTION CONSIDERATIONS"™

Three analyses were performed to review the implication
of slope stability during the construction stage. The first
analysis looked at a typical tract type equipment placing
the drainage sand on the geomembrane. The results of this
analysis indicated a potential slope failure if the operator
was allowed to stop suddenly (Refer to computations). The
analysis reflects that the size of equipment, and the
operation of the equipment, is very important in the
stability of the cover system and should be carefully
considered in the specification and during construction.

" The second analysis was performed to review the
implication of the contractor installing the drainage sand
and a significant rainfall event occurring. The long term
groundwater model by TRC assumes the total cover section is
in place and runoff will occur. During construction, if the
impervious materials are not in place, 100% of a rainfall
event could infiltrate the drainage layer and result in
temporary instability of the slope. Our analysis indicates
less than 4" of rainfall could cause a potential slope
failure (Refer to computations). This condition should be
addressed in the construction installation sequence or
temporary covering system.

The third analysis was performed to review the
implication of the rock revetment being maintained by the
use of equipment on the gravel access ring road. Our
analysis indicates that the size of this equipment should be
limited to less than 20 tons. The actual machine size can
be adjusted once actual interface friction angles are

determined.

10



As a final comment, during construction and after
construction is completed, the potential exists for
occasional sloughing. This sloughing is due to the
heterogeneity in the cover material and variations in
construction installation and will occur during periods of
heavy rain where temporary saturation of local areas will
cause loss of shear strength. This sloughing occurrance
will become reduced once a good vedgetative layer has been
established.

11



CONCLUSION AND SUMMARY

The evaluation of the effectiveness of the landfill
design can only be based upon comparing the calculated
values with the acceptable minimum factors of safety for
static conditions. Currently there 1is no standardized
values.

In establishing these minimum values, the consequences
of slope failure would have to be considered. At a minimum,
the following should be considered: environmental impacts,
cost of repair, and cost to increasing factors of safety.

.The calculated value of factor of safety for static

conditions, to use for comparison purposes, is as follows:

Static
Factor of Safety
Cover System 1.26 to 1.38
Global Landfill 1.98

12



APPENDIX A

COMPUTATIONS WITH ATTACHMENTS
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a.
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TABLE 2. Summary of Measured Interface Friction Angles
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2.1.6 Bedding Layer (S0il=Type III) Material

a. Bedding layer material shall be eoil free of trash, ice, onow, tree
stumps, roots and other organic and deleterious materials. Bedding
layer material chall be well graded, meeting the following

gradation:

Sieve pPesignation Percunt by Woight Pasaing
1 inch 100
No. 4 ‘ 80-100
No. 200 20-35

b. It shall be of ouch a naturc and character that it can be compacted

to the speclfied densities and classified SM or ML as deterxmi
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c. Provide a minimum compacted permeabllity of 1x10~5 cm/sec,
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2.1.4 Gas Vent Laysr (Sand-Type G) Material

The gas vent layer material shall conslst of well graded sand free of clay,
organice or other deleterious materifal meeting the following requirementss

a., Provide a minimum compacted permecability of 1x10-3 em/oeo.

b. Conform to the gradation requirements listed for the drainage layer
material of this sectlion plue or minus 5 percent with all material
passing the 1/2 inch sieva.
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2.1.5 Cap Layer (8oll-Type 1I) Materlal

a. cap layer material shall be soll free of trash, lce, snow, tree
stumpa, rootse and other organic and deleteriouc materials. Cap
layer material shall be well graded with a maximum etone size of 4
inches and a maximum 35 percent by welght pasoing the No, 200
sleve. It shall be of ouch A& nature and character that it can be
compacted to the opecifiad densitlies and clagsified BM, SC, SP-SC,
SP-54, SW-SC or SW-sSM as determined by ASTM D 2487.

L_\SE* s VALIES \\H-DE’.S\LﬂJ <CLQ\(E\( Sewos, Pool™ L‘(LQO\:'_() Sevn -CLad
M\)()
A SSUMED  COMPECTIY REQutamerT SO A ASTM OI1657
TFROCESNES useO W DESIGY ?rn@r\od Awere B
' R
Yot = VD5 g8
Coh Q.10 ~ O

LV E WHO 10 - EXISTIvL o 2aotetd \WASTE

LI 1901 1 1Simate Shewtey 205 1 (Parded) [ARZERs3 Jainc Gioten $8ss 01471 To Order PHONE TOLL FREE 1 80 22 6330




so8_Mc ALLISTEC =D LDV vy

CRISCUOLO/SHEPARD ASSOCIATES, PC SHEET NG 7 o

Engineers » Planners » Surveyors
PO Box 866 1764 Foxon Road caLcuLATED iYL\ T oare Ay - 2~ q 'L“}

North Branford, CT 06471
Tel 20374818749 Fax 203/488-5729 CHECKEDBY__ DATE

SCALY

WRSTE. TTYPE ¢
__— REF? ZEPoCT 3y" TTRC ENVieosmeytny

Site History and Background =&~ EUTITLED B EmEo 100 Ty €STioE oy

® Uscd as landfill (1955 to mid-1970s) <=\ T O — Hc ALLS COVT Lemof 1w
e Approximately 11.5 acres WRvAL EOUCATIoN oro Treaimrt Cedfif
® Reported disposal of domestic refuse and operational N B Pod T, 2d o€ 15 ovD

wastes

®_ On-site waste incincration prior to’disnosal (1965 to ‘\!OTE 2 ol —
WONCS 0
carly 19705) Ix SN BoT
. TBYLC WARSTE d‘ W CvweaTod WosTe
® Filling of Narragansctt Bay (historical acrial photos,

1965 to 1973)

® Sitc is inactive (mid-1970s to present)
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Apprax. Submerged
Approximate Range Void tatio Porosity (3) Dry Welght Vet Vetght Vetght
Size Range Apprax. Unifore
(w) U] Coeff{cient
(mm) [
1002
Cogy ecr Catn Noin Min Mod. { Max Min Max Min Hax
Diaax Bagn locee dense | Joose | dense Toose ] ASHO| derse] loose loose | dense
CRANULAR MATERIALS
Uniform Materfels
8. [Equal spheres “r
{theoretical values) ~ - - 1.0 0.92 - 0.33 Al % - - - - - -
b. Standard Ottswas SAND 0.84] 0.59 0.67 1.1 0.80 0.73] 0.% “ n 92 - 110 9 13 37 69
¢+ Clean, wniform SAND
(fine or eedium) - - - 1.2 to 2.0 L0 0.80 | 0.40 0 ;) 8) 113 e B4 13% 2 n
d. Uniform, fnormnic
s 0.0sf 0.008 | 0.0t2 1.2 ¢o 2.0 L1 - Joso | %2 » ] - ne | s o1 s1 ”
Vell-graded Materisle ,
a. Silty SAND .0 0.003 0.02 St 10 0.90 - 0.3 47 b} 87 122 127 88 142 54 ”
b Clean, (ine to coarse
SAND 2.0 0.05 0.09 dtob 0.93 0.70 | 0.20 49 7 83 12 138 86 148 53 86
c. Micacecus SAND - - - - 1.2 - 0.40 $5 » 16 - 122 n 138 &3 76
d. Silty SAND & GRAVEL | 100 0.005 | 0.02 | 150300 | o.85 - 0.14 | 48 12 1] -1 16 90 | 1533 36 92
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Vel l-graded CRAVEL, SAND,
SILT & QLAY mixture 250 0,001 | 0.002| 235 ¢t0too0 | 0.70 | - | o013 | & 1 100 140 | 148 125 [ asete] 62 %
CLAY SOILS
CLAY (I0X-SOT clay sizes)| 0.0% 0.54 0.001 - 2.4 - 0.50 n n S0 103 112 % 13 3t 71
Colloidal QLAY
(-0.002 wa: 302) o.01 | 108 - - 1 - 0.60 | N 3 [}] % | 108 n|axs 8 66
ORGANIC $OILS
Orgsndc SILT - - - - 2.0 - 0.53 | 78 3 0 -] 1o 87 | 131 23 69
Organie CLAY
(302 - 50T clay elzee) ~ - - - &4 - 0.70 al 4l 30 100 8l 125 18 62
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SCALE ____ . . .
AGLE 2,
TYPlcpal PPOPEFTIES
oF CONNFPACTEY MATE FIALS
ReF ¢ (HAVEpAC PH -7, NAPcH 1971)
ese viuey7
Typical value of Typi ..
compression ypical strength charncteristics
Range of . Range of
S Renge of Typical
Gtou maximant optimum A A 3.6 Hicient of R ] subgrade
P Soil type dry onit | °P 114 Cohesion . S(EHective coelhctent o snpe ol | podulus
symbol . moisture, - ef wl Cohesion permeabslity | CBR vatues
weighe, 120 pand 30 perd (e3 com- stress te/mi k
‘ percent acted) {saturated) envelope) Tend t/mis. B co
L petcent of origi0al pacte pot or -
herghe Pl degrees
- GY Sell graded clesn gravels, 125 - 13% 11-8 0.3 0.6 0 0 >38 >0179 $ =102 40 - BO 300 - 500
gravel-1and miztures
GP Pooily graded clean gravels, 1S-128| 14-1t 0.4 0.9 o 0 >y >0.74 10! 30- w0 250 - 400
gravel-sand mix
GM Silry gravels, poorly graded 120 - 133 12-8 03 ) 7 IR A cesen > >0 67 >10 ¢ 20 - 60 100 - 400
gravel-sand-sile
GC Clayey gravels, poorly graded 115-130 | t4-9 07 1.6 | eeieninns W eaeeanan >3 >0 60 >107? 20 - 40 100 - 300
greavel-3end-cley
33 Sell graded clesn sands, gravelly | 110-130} 16-9 06 1.2 [ [ 18 079 >103 20 - 40 200 - 300
sands
| sP Poorly graded clean sands, 100-120| 21-12 [ X} 1.4 [ 0 37 0.74 >10? 10 - 40 200 - 300
send-gravel mix - -
SM Silty sands, poorly graded sand- | 110125} 16-11 oe 1.6 1050 {0 34 067 bR 2 10- 40 100 - 300
silt mix
SM-SC | Send-silt clsy miz with slightly 110-130| 15-11 0.8 1.4 1030 300 33 066 2x10¢ verieeaaan .
plestic fines
~ SC Cleyey 2ands, poorly graded 105-123 ) 19-11 1 2.2 1350 2% n 060 $a10"' $-20 100 - 300
sand-clay miz
ML tnorganic silts and clayey silts 95-120| 24-12 09 17 1400 190 124 062 10 15 or less {100 - 200
ML-CL | Mixture of inorganic sile and clay [ 100120 | 22-12 1.0 22 1350 460 32 062 s«107 .. .... ceen
CcL Inorganic clays of low to med. 95-1201 24-12 1.3 2.5 1800 270 28 0.54 107 15 ot less $0 - 200
plastucity.
oL Orgunic silts and silt-cleys, low 80-300 | 3321 | ciiiieei | eiiinen beiiiieneee faenaanees orneenaaas D S or less 30 - 100
plasticity i -
MH Inocganic clayey silts, elastic 70-93% 40- 24 2.0 38 1500 420 23 047 $=107 10 o1 less S50 100
silts
(& 1] [norganic clays of high plasticicy [ 75 -105{ 36-19 2.6 b R4 2150 230 19 035 107 15 ot less 30 - 150
ou Organic clays and silty clays. .| 635-100| 43-21 PN cennaes FUOUPIT P T TR .. Sorless 2% - 100
Notes:
1. Al properties are for condition of *standard Peoctor® mszimum 3. Comprestion velurs ae for vertical loading wnh complece larers) \
density, except values of k and CBR which are for *modilied confinement
Proctor® mazimum density. 4 (D) indicates that rypics! propeny is grester than the value shown.
2. Typice! suengeh characteristics are for elfective streagth eavelopes (... ) mducates mesdlicrent dota aveilebie for an eatimete -
snd are obtained {rom USBR dats. . . d
.
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SCALE | e e e e et e = e e et n e o e O,
TR LE % >
NANGES OF TYPICAL ANGLES OF INTERFACE
FRICTION FOR VARIOUS MATERIALS TESTED AT
_ NORMAL COMPRESSIVE STRESSES LESS THAN 500 psl :
SMOOTH ' NONWOVEN '
INTENFACE *‘UNREINFORCED TEXTURED COMPACTED COMPACTED NEGEDLEPUNCHED GFONRY
) GEOMEMRAANE | GCOMEMORANE CLAY SAND GEOTEXTILE
SMOOTH R
UNREINFORCED 5°-15° —_— >5°.20° 15°-25° 10°-14° 10°-12°
GCOMEMDBRANE
TEXTURED —_— >10°-32° 20°-25° 25°.35° 7°-10°
- GEOMEMBAANE
COMPACTED ° 0 0 ° o °
>5 . >10°-3 —_— — 20 -35 _—
CLAY 5_- 20 2
COMPACTED 15°-25° 200-350 —_— —— 25°'35° E—
SAND
houS i —-—-
NONWOVEN . L
NEEDLEPUNCHED 10°-14° 25°-35° 20°-35° 25°.35° 17°-25° 10°-20
GEOTEXTLE ~ . .
GEONET >10°-12° 7°-10° — _ 10°:28° e

DOV LIWNELS pro Covells voL L\Q\\JOﬁ‘v\«S/

LPORTE Q-9Q73

IRTERFACE OLRECT SIEAR TEST RESULTS
MEASURED PEAX STRERGTH PARAMETERS

TABLE NO A

fest
Serley
nmher

Interface Tested

toefficle~t Friciica
of Tricticn
'

interfys
Agtetica’’

a-gle (psf)

1

Trevira 1125 Geotextile/B0-ail HSC
Textured IDPE Geome-brane

k 2

Drainage Sand/80 mil HSC Textured
UL Geomenbrane

s

Co~nacted Clay/80-mil NSC lextured
NUPE Gegnerbrane

b 131
»* 1
13 bl

HOTE ™ The reported value of adhesion miy not be the "true adhesinn® -f t's fetorfyce ga
cautton should be exercised 1n using lhis adhesion value for 3 zhicgazeg trealvem
nornal stresses outside the ringe of stresses covered by Lhe tey:

i

P TWTENFA L) OWECT SREL

TELTwe WSO T uieo
WO  [LeDmEm Lo

TEF ® Fival reeo T oaTeo DI Auk. 199
G EOSYNTECOH SuLTev o
WATIowARL SEeAl ComMerrrd
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SCALF

TAGRLE NO. 5

= & Ardaman & Associates, Inc.
Oclober 13, 1992

Cemernman), Favitonmanial and R
Matenaty Consunenly Flle Number 91 130

Mr. Cirilo Thompson

ABB SUSA/DILLINGHAM - A Jaint Venture RE CE IVE D
1100 Comwall Road
Monmouth Junction, NJ 08852 0CT 14 1992
Subject: Liner Friotion Testing - Gundle Matorials PROJECT DEPT.
Daar Clrilo:
Based on testing conducted to-date on the above releranced materiais, the following friction
engles may be used In design: NQ 5.
Liner Type Material Type Friction Angle 8table Slopo*
VLDPE Smooth Local Sand 18 4.4{H) to 1{V)
VLDPE Smooth Crushed Sand 19 4.4(H) to 1(V)

VLDPE Rough Loca! Sand 40 $3.0(H) to 1{V)**

VLDPE Rough Crushed Sand 45 £3.0(H) to 1(V)**
PVC Local Sand 21 3.9(H) to 1{V)
PVC Crughed Sand 24 3.5(H) to 1(V}

*Tha abova slopes are based on & Factor of Satety of 1 5
**The slope Is controliad by factors other than the liner friction angle

| have also provided the PVC data to uze for comparison purposes.

Fiease call me lf you have any questions,

Very truly yours,
ARDAMAN & ASSQO

Scott W. Davidcon. P.E.
Vice Prasidant
Florida Reglstralion No. 31934

nO1 Mg

BUOM B Orango Avamss (32800} s O RIO0KU U igarn
oo " l’f ) ro Bot R (vienin Flanifie 12540 3009 PAann (407) RSSINB0  MAX {407) Bou-n121
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o e MILTY Yo Arar Readhd bind 1A D i s g -
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SCALE

Phyiical and Chenicat Pronerties for Incinerater

featdnea {n the Literature na --tamnt Feed Hundclpal Incinerator Reafdue, Harwall

Piactor Canprction o » 92.5 pef (IC=22.5%
J1v v 120 0 pct

A.1 SHP(A Englneecring Propertfes of Bitch Feed Municipal
/s » 121.5 pef

Rea ldve
Incinerator Realdw Srecific Cravity 2 60
Vold Ratto 0,75
Natural water content 35.5% (13’\(""
Poroaity 0.4)
Water content saturated 6s.52 117 \(3 -3
Permeshility , K 1.0 x 10
N 713
Poroafty , Friction Anple 0 -39 1° average
o] Unit Welight 46.7 pet
cy Un '3 A Consolidition Dats Mnderately Coupresaible,
Specttic sravicy 1800 5 tave 3.61 approx. BOL very rapfid |
B temainder tcrrgjulth
Swolllng 1040 sleve 15-20% Ca 1.6 %10
Shrinkoge negligible Crain Sire Oistributton Liin 32% pravel aize
“ 687 nand size
3.9 x 10 fpr 0 5% sile afre or amrller

Permeabilety |, K
tlell graded

Friction angle f  direct shear 48°

Saturated unit welght 91.2 ctlculated

a
A 2 Erztigerisy Properties nf Cont inunia Feed Municipnl

Incinicatnor Renjdve from Schosnhrecer vivd Purdom

TeEF: masiec s
'IL,’ _ T\A\‘_ 0 N\\JQ($\’\$ O\_‘: $.19% piyva 0200

Sleve Anilyiis
Ucll graded

™ ‘J “L\T\_ bg Feletion Anple , direct shear LSo
& = - on “moderately compressible”
L‘E O™ LEN Li\)\{ I \\4\150“) Compreastbility
NS In place density 101 pecf ( mean )
\' ME“QSUQ\‘:‘.{\M o(’ T\Aé . Comnaction 101-102 pct @ WC 20-21%

{ After Pequardt and

EN el Nl PRo e TV ES roextanton )
OF MONIUPRL 1 () WERATOM

LESOUES R Cors 0TIV

0€ LecwoTs c\\nieameisTILS

RO ) W 13ty AR D bnr Firton Aliss 01471 To Ocder PHONE TOLL FREC 1 80075 5" 1
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SCALE
300 T \ T v 400 T
- ® 300} ]
% 200} - -
s g
c g
» o -l
5 5
n n
L w0} -1
s o Hantsport, old fill ':-', LEGEND | _ .
& + Fdmuhdsion, woodwacte & 1
fas . A UNB, onificial refuse, fresh o Old refuse, Blackfoot, 1983
/" ..0.6=%" D UND,smficial refusc, 8 yrs old e Old refusc, Blackfoot, 1984
Z e o Sliding plastic bags + Shredded refuse, Edmonton
o ] A 2 A, 1 ° 1 1 '3
0 100 200 300 400 0 200 400 600
Norrpal stress kPa , Normal stress kPa
F1G.9 - Large direct-shear tests on ssmples from old woodwaste/refuss fill In FIG. 8 ~ Large direct-shear tests on samples from old fill in Calgary and from fresh
shredded fill In Edmonton .

Hantsport, N.S., Fraser woodwaste stockpile In Edmundston, NB,

arilficial UND samples, and stiding garbage bags

40

8
W

W= o Bock-Calculored /'/g

/

LEGEND N\
. Direct Megsurement \\\\ N
e

J &»V
\\\

e
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\ ?,
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Figure 3 SUMMARY of MUNICIPAL SOLID WASTE STRENGTH DATA

{REFER TO TEXT FOR AN EXPLANATION OF EACH

Summary - Municipal Soltd Waste Properties

Rased on the data suminanzed on Digure 3, two conclusions were made  First, the
sirength of momcipal solad waste 15 pamanly fncuonal in naure  Second, the
resulis of back analyses ndieaie a lower waste sirengih than the results of direct
me wurmenty  The teason tar s ditference 13 unknown, but conld be the greater
mnllucnce of peat bhe ity on salter scale direl measirencins relative to
back caleulanons trom large sesle falures or load tests  Aliemauvely, waste
strengths bk calculated from falutes of tandfills on sohi foundations may be
insicurate because of uncertainties about the soil behavior (Case 1)

The strength envelape shown on Figure 3 was selected for use in the stabihity

CASE }

anilyscs presenied in the following secuon  Thus sunocth ‘quni§ defined by
Muhr Coulomb parameters of C equal 1o 200 psf and Phi egual tn 21 degrees, 13 2
Lt r_!r%*rr—n——mmmm:ngugﬂmm PO (2 AL 1441 LR IR
and is thorefure Consistent with the stabihity analyses to be per hrmed

Nuote that wn general, the vanous factars hypothesized at the heginming of this
scetion hive not heen systemanally prosen or quanufied  Thorctare, st s not
feoomucnded thit the strengih parameters selected above be vsed by nterence for
other ilyses W noommended that the general methesdotogy of companng
woulibte ditectly measured and back calculaied data on a mohidiccd shear sticngeh
viersuy aotmal strexs bisis be used  Great care should he exercived i selecung
winte stonpth parameters for use n the stability analysis of high landtols
puticibirly when the anticipated stresses exceed the stress ranges fur which dats are
avail ihle

§ eess pore pressures in the waste were assumed to be zero for all anly ses because
of the prosence of the leschate collection sysiem at the base of the landfill and
reported high waste permeatiines (Fandva and Clark, 1990} Note that research in
propress by the seeond author of this papes indicates that waste penneability may
ducre e vpmiticanty at high confimng pressures

A woste unit weight of 45 pef was used for the stabilary anatysis  Thes value was
provedcd by the awner ol the fandtill based on measurements of wasie and duly
et woy by and surveyab anspace sotuines The sclected not wophn appe ned
be vonsisteat with values summanred by Rromwell (197K} but wwand the Jower
ond ol datareported by Landva and Clark (199%0) based on mcsaements from Lipe
o Cnrnvonaely HY cubu vardat The intluence of thie wastc it weighe o

L] .' ” " -' n ) n 2 : L
FRETION AMDLE )
Fig. 4 - Summary Plot for Al Tesls wlirlr:RFz{e’commendod

— Parameters Shaded

Re? l‘ oTechues o WasTe \5\\,\/
AST ™ ST \a89
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Pusnwnod NO LY
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SCALE
TABLE 1
Scrength data for intact rock
Uniaxial compressive strength
MPa
Rock type
Min. Max. Mean
Chalk 11 1.8 1.5 ¢
' Rocksale 15 29 22,0
-Coal 13 41 3.6
Siltstone 25 38 320
Schist 31 0 13,1 -
Slate 43 150 0,0
Shale RTI | 172 93,0
Sandstoue 40 179 05,9
Mudstone KY4 132 99,3
Nlarble 60 110 12,5
[.imcstonc Q9 180 121.8
Dolonute 83 165 1273
Aadesite 127 138 [RH I
Gianite 153 233 180,
Gucns 139 256 1950
Basale 168 337 1232
Quartzite 200 304 2530 ¢
Dolertte 227 31 2803
Gabben 200 3 2910
Nanded ironstom 125 (YA 1500
Chert W7 (B{X) 350
| T -
Intact rock ROCK MASS CLASSIFICATION
I compressvel  soLi1o MASSIVE | BLOCKY/SEAMY FRACTURED CRUSHED
sirength and
{ Almost no joints]t [Little jointed) {Moderotely jointed) {Intensely jointed] SHATTERED
R
2> /7.,
l == O=ROCKRMAS 2" ! =
I zign; 207 men gR FALT O 1 5 —— Z
| 100MPa Fia e i e -
1 1 LS AZAR" Sy
MEDIUM - STRENIG,TIH, &3;.3* ‘} - T
' soma | comssion Tr-qiMre ;OEJLI/L)’ . i
] [ .Y
t "'l M bt nalll NAS N d ,
T WERK T, oo L;y 1i—¢
FOWESION 10180 &Pa
l 25MPa |- i _1“1 II—L' S :
[_| ! l ‘AP:’
" e 15 _1" COMESION < 10kPa |
| VERY WEAK | ROCH ‘ Fricion < 10
|
10 MPg l L! 1i l I | )
10m Im Im 300mm 1C0mm  SOmm 10mm

SPACING OF JOINTS

Fig9 ) — Strengtn dragram ol jointed roch masses (modified alter Multer)
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' SCALE
0 T T T Y
O babefls pante 4l USED 1948 ® Kflendlo dlorte 8 CFE 1963
© Cachwume gvel 3in. USBA 1983 ® inflemidle congtorm 8. CFE 1963
4 Cochuma povel I . USBA 1953 ¢ Mapsmcongiom Bla CFE 1963
631 o Cacumaqueny 3l USBR 1955 T & Prmsndsma graved 80m CFE 1965 ]
¢ Orovietadings 3 i USED 1963 ¢ rfernibe bassl 7m CFE 1968
A Soledsd goel 4 CFE 1563 R inflernlo pehe X T CFE 1968
© . ® InflemiBo groiss ¥ T CFE 1968 |
\\ > Contrerm growal I CFE 1965
n < Sants Fe rock T CFE 1963
\\ O FatPochsand  Ma 20 TML 1939
g 9 = P33 v Scituste sand Mo 8 TR 1941 —1
H [~ Averagn roca \~\\ @ Otvws i sand —— TML 1928
~ a
E 1 -~ S~
< % S f [~
3 G2 . ~ High derasty, wed
5 \\\ ] \ ‘...\{ tﬁm praded,
- ~
E \\ <] * 3 [N l
~J > 2 P?\ of 4 }\
- 43 "\‘ P +
i RS
P ol \ . .l. \{
LI > /:“‘0 2 4 o N g
i» 40 Low denaly, posrty graded, £ \_\ -
wesk perikies ~ a : ['Y 1D
BrpLSTIS I~ .
NQ
15 Argutsr sant Qs -
"~ — e
.\..‘ I \\
o~ -.\{Ounn-‘ =~
% =]
-—
1 2 -} 10 20 0 100 200 S00

Normal presswre @, , In pounds per square inch

FIG. 3 SHEARING STRENGTH OF ROCKFILL FROM LARGE TRIAXIAL TESTS
(Source: Thomas M. Leps, Trans. ASCE, 1972.)2
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Purdue University

--Slope Stability Analysis--
Simplified Janbu,)Simplified Bishop
or Spencer & Hethod of Slices

Run Date: 4-8-94
Tige of Run: 5:20

Run By: LK

Input Data Filename: LF5B.PRN
Qutput Filename: LFS5.0UT

[l

PROBLEW DESCRIPTION  TRC-LANDFILL CAP MCALLISYER POINT LANDFI
LL

HOURDARY COORDINATES

5 Top Boundaries
20 Total Boundaries

Boundary X-Left Y-Left I-Right Y-Right So11 Type

No. 134 (ft) (£t} ({t) Belown Bnd
1 23.00 101,00 33.00 101.00 1
2 33.00 101.00 110.00 123.00 1
3 110.00 125.00 125.00 126,00 1
] 125.00 126.00 192.00 149.00 1
3 192,00 149.00 443.00 138.00 1
& 23.00 95.00 33.60 93.00 2
7 33.00 95.00 68.00 105.00 2
8 68.00 103.00 125.00 121.00 2
9 123.00 121.00 193.00 143.00 2
10 193.00 143.00 443.00 133.00 2

11 23.00 94.00 33.00 74.09 3
2 33.00 94,00 97,00 101.00 3

13 57.00 101,00 200.00 102,00 3
14 209.00 102.00 250.90 198. 00 3

13 230.00 108.00 455,00 114,00 3

16 22.00 93.00 33.00 93.00 4

17 33.00 93.00 57.00 100,900 4

18 37.90 140,00 200,40 101,00 4

19 200.00 101.00 250.00 106,00 4

20 250.00 106.00 443.00 113.09 4



4 Typels) of Soil

%g1] Total Saturated Cohesion Friction Fore Pressure  Piez.
Type Unit Wt. Unit Ht. Intercept Angle Fressure Constant Surface
No. tpcf) {pctl {psf) {deg) Parasm. {pst) No.

1 13t.0 150.90 .0 31,0 A0 0 t
2 100.0 121.0  200.0 23.0 L0 .0 !
I 1200 130.0 0 28.0 09 .0 )\
§ 168.0 180.0 .0 35.0 .00 .0 i

1 PIEIOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit Weight of Water = 62.40

Piezcoetric Surface No. ! Specified by 4 Coordinate Points

Foint . X-Water Y-Hater

No. N (13) ($t)
t 45.00 105.00
2 175.00 105,00
3 290.00 111.00
4 445,00 117.00

Trial Failure Surface Specified By 9 Coordinate Foints

Foint X-Surf Y-Surt

No. tt) Tt

1 127.78 126.93
2 137.49 124.38
3 147.46 123.78
4 157.43 124.58
3 167.14 126.95
6 176.36 130.84
7 184.84 136,14
3 192.37 142,72
9 197.38 148.77

Factor Of Safety For The Preceding Specified Surface = {.985 W@

own

b 1.2 166.88  222.50  278.13

n
P

.00



11,25

166.88

278.13

445.00

[ 8 3

11

] e
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%% PCSTABLS #¢
by

Purdue University

--Slope Stability Analysis--
Simplified JanbUyp Sisplified Bishap
or Spencer s Method of Slices

Run Date: §-8-94

Time of Run: R K

Run By: LA

Input Data Filename: LFSC.PRN
Qutput Filename: LFS6.0UT

PROBLER DESCRIPTION  TRC-LANDFILL CAP MCALLISTER POINT LANDFI
Lt

BOUNDARY COORDINATES

3 Top Boundaries
20 Total Boundaries

Boundary X-Left Y-Left X-Right Y-P1ght Soil Type

Na. (£t {£t) 134] (ft) Belaw Bnd
1 23.00 101.00 33.00 101.00

2 33.00 101.00 110.00 125.00

3 110.00 125.00 125.00 126.00

4 125.00 126,00 192.60 149.00

3 192.00 149.00 445.00 138,00

& 23.00 95.00 33.00 95.00

7 33.00 93.00 68.00 103.00

8 £8.00 105.00 123.00 121.00

9 125.00 121.00 193.00 143.00

10 193.60 143.00 433.00 133.060 .
11 23.00 94.00 33.00 94.00

12 33.00 94.00 37.00 101.00

97.00 101,00 200.00 102,00

—
d

14 200.09 102.00 250.90 108,00 _
15 250,00 108.00 ° 445.00 114,00
16 22.00 93.00 33.00 73.0G0
17 33.00 93.00 57.00 100,00
13 37.00 100.00 200.00 101,09
19 200.00 101,00 250.00 106,00

e P opm B e NN N N RO NI RN R e e e e

20 230.00 106.00 443.00 113,00



- PR R U N FTR U Ly

4 Typels) of Sa1l

So1l Total Saturated Cohesion Friction Pore  Pressure  Pirez.
Type Unit Wt. Umit Wt, Intercept Angle Pressure Constant Surface
No. {pch) {pcf) {psf) {deg)  Paranm. {psf) No.

1 15300 130.0 0 310 00 1
2 10000 121.0 200.0 23.0 .00 !

3 1200 130.0 .0 28.0 .00 1
§ 168.0 180.0 .0 35.0 .00 1

{ PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED

Unit HWeight of Water

Piezometric Surface Ho.

= 62.40

Point + X-Water Y-Hater

No. RS (1)
1 43,00 103.00
2 175.00 105.00
K 290.00 111,900
] 445.00 117.00

Traal Failure Surface Specified

Point X-Surt Y-Surt
No. (fty - ($t)
{ 50.00 106.30
2 59.79 104.27
3 £9.49 102.83
] 79.66 102,03
3 89.46 101.84
6 99.65 102.26
7 109.59 103.29
8 119.46 104.93
9 129.20 107.18
10 138.79 110.02
{1 148.18 113.43
12 157.39 117.44
13 166.25 122.00
14 174.86 127.09
15 183,14 132.70
14 191.05 138.82
17 193.37 145.40
18 201.78 148.57

ol of Sart FR PUEEOIH SPEOTD SR = |.943

By 18 Coordinate Pornts

{ Specified by 4 Coordinate Points
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